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DESCRIPTION 

IMPURITY INTRODUCING METHOD, IMPURITY INTRODUCING APPARATUS 
AND SEMICONDUCTOR DEVICE WHICH IS FORMED BY USING THE METHOD 



<TECHNICAL FIELD> 



The present invention relates to an impurity introducing 
method, an impurity introducing apparatus and the semiconductor 
device Which is formed by using the impurity introducing method 
and the impurity introducing apparatus, and more particularly 
to a control of an impurity introducing profile in plasma 
doping . 



<BACKGROUND OF THE INVENTION> 

Recently, along with the miniaturization of a 
semiconductor device, there has been a demand for a technique 
which forms a shallow pn junction. 

As a method for forming such a pn junction, ion 
implantation has been used conventionally. For example, a 
p-type impurity such as boron is introduced into an n-type 
silicon substrate by ion implantation and, thereafter, p-type 
impurity is electrically activated using a halogen lamp or the 
like thus forming the pn junction, and various devices are 
formed using such a pn junction. 

Various attempts have been made to form the shallow 
junction using the ion implantation. Although the shallow 
junction may be formed by electrically activating the impurity 
which is injected by various annealing methods such as a flash 
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lamp method, a laser annealing method and the like, a depth ox 
the pn jxmction formed by the ion implantation is limited. For 
example, the shallow introduction of boron impurity is 
difficult. That is, it is difficult to set acceleration energy 
of B ions or BFz ions to low energy of several keV and hence, 
in the ion implantation, the depth of the ion introduced region 
is limited to approximately lOnm from a surface of a substrate. 

Accordingly, recently, as a technique which can 
efficiently form the shallower junction, various doping me thiods 
have been proposed and a plasma doping technique has been 
attracting an attention as a technique which is suitable for 
practical use among these doping methods. The plasma doping 
is a technique in which a reaction gas containing impurity to 
be introduced is excited in plasma and the plasma is radiated 
to a surface of the substrate thus introducing the impurity into 
the substrate. According to this technique, even when the 
impurity is boron, it is possible to form the shallow junction 
having a depth of 7nm (see non-patent documents 1, 2, for 
example) . 



Non-patent document 1: Plasma Doping Technique: written by 
Bunji Mizuno (vol. 70, No. 12, p. 1458-1462 (2001 ) 

Non-patent document 2: Reliable and enhanced performances of 
sub-0.1 urn pMOSFETs doped by low biased Plasma Doping, Damian 
Lenoble et al, VLsl Syn^osium, sponsored by IEEE and Japan 
Society of Applied Physics, p. 110, 2000, 
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<DISCLOSURE OF THE INVENTION> 

< PROBLEMS TO BE SOLVED BY THE I.NVENTION> 

However, the miniaturization of the semiconductor device 
has been in a rapid progress, and as a design size of a junction 
depth in the mass production, lOOnm or less has been used. 
Further, recently, 65nm has been requested as such a design size, 
under such circumstances, there has been a demand for a control 
technique with high accuracy in the introduction of impurity 
into a surface of a semiconductor substrate. 

That is, there has been a demand for a technique which 
stably controls the formation of a shallow junction of an 
impurity introducing region having a depth of 50nm or less, and 
further, a depth of lOnm. Further, the stable formation of the 
junction of high concentration at a shallow position is 
important for achieving a rapid operational speed. 

under such circumstances, the formation of the shallow 
impurity region of high concentration has been a crucial task 
for the miniaturization and the high integration of a 
semiconductor device. 

Particularly, to form the shallow impurity region with 
low resistance in a stable manner, it is necessary to make a 
change of an impurity concentration profile on a surface of a 
substrate gentle, that is, it is necessary to provide a 
so-called box-shaped impurity concentration profile . However, 
in introducing impurity into an ultra- shallow region, in many 
cases, the impurity concentration profile exhibits high 
concentration in the vicinity .of the surface of the substrate 
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normally but exhibits a sharp change as a depth of the impurity 
region is increased and hsnce, although the box-shaped control 
is ideal, such a control has been considered extremely 
dif f xcult . 

The present invention has been made under such 
circumstances and it is an object of the present invention to 
realxze the extremely shallow and stable impurity introduction 
with high accuracy. 

Further, it is another object of the present invention 
to form an impurity region which possesses a so-called 
box-shaped impurity profile. 

Further, it is a particular object of the present 
invention to form an ultra-shallow impurity region in a stable 
manner . 

<HKM<IS FOR SOLVING THE PROBLEMS> 

An impurity introducing method of the present invention 
is characterized by including a step of introducing a desired 
impurity into a surface of a solid base body, and a step of 
radiating plasma to a surface of the solid base body after the 
above-mentioned impurity Introducing step. 

That is, by radiating the plasma of low energy to the 
surface of the solid base body after the step of introducing 
the desired impurity into the surface of the solid base body, 
the impurity (boron: B) which is present in an ultra surface 
is knocked on with energy in the vertical direction thus 
imparting the dynamic energy in the vertical direction to the 
impurity whereby the impurity is knocked in the depth direction. 
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Then, the impurity which is introduced to a depth position of 
a certain depth (lOnm) is no more knocked with plasma of low 
energy and hence, only the impurity which is present in the ultra 
surface is introduced up to the depth position of approximately 
lOnm. Accordingly, the impurity concentration at the shallow 
position can be increased . 

Further, in this phenomenon, by supplying the dynamic 
energy of the plasma perpendicular to the surface of the solid 
base body, it is possible to form an impurity region of high 
concentration at the shallow position without spreading the 
impurity in the lateral direction. m this manner, it Is 
possible to obtain a box-shaped impurity concentration prof ile . 

The impurity concentration prof ile in the depth direction 
before annealing the Impurity such as boron which is introduced 
by ion implantation or plasma doping influences the electric 
property of a shallow activation layer after annealing. That 
is, provided that the depth of the activation layer is equal, 
a sheet resistance of the activation layer assumes a lowest 
value when the depth concentration prof ile of the impurity after 
annealing has the concentration distribution in which the 
concentration is distributed in a box-shape in a graph in which 
the impurity concentration is taken on an axis of ordinates and 
the depth of impurity is taken on an axis of abscissas. Here, 
when the depth concentration profile of the impurity before 
annealing approximates the box-shape, it is possible to easily 
make the depth concentration profile of the impurity after 
annealing have a more box-shape. 
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Then, by applying a heat treatment at a high temperature 
in a short period such as a flash-lamp annealing to the solid 
base body having such an impurity profile, the depth 
concentration profile of the impurity after annealing becomes 
substantially equal to the concentration profile of the 
impurity before annealing. The flash-lamp annealing method 
forms an activation layer with low sheet resistance and hence, 
has been developed as an activation method which hardly 
generates the diffusion of the impurity. By applying the 
flash-lamp annealing method, it is possible to reduce the sheet 
resistance thus realizing the high-speed operation of the 
device. That is, by forming the impurity concentration profile 
before annealing into the box-shape, it is possible to reduce 
the sheet resistance of the activation layer. 

In this manner, according to the present invention, by 
performing the plasma radiation after introducing the impurity, 
it is extremely easy to form the concentration profile of the 
impurity such as boron which is introduced by ion implantation 
or plasma doping into a box-shape. 

In the method of the present invention, the step of 
radiating the plasma may include a step of radiating inactive 
plasma into the semiconductor substrate. 

Due to such a method, the plasma does not react with an 
element such as silicon which constitutes a semiconductor and 
hence, it is possible to form the concentration profile of the 
impurity which is introduced into the semiconductor substrate 
into a box-shape. 



6 



5 



10 



15 



20 



25 



Further, in the method of the present invention, the step 
of radiating the plasma may include a step of adjusting a plasma 
radiation condition such that the impurity possesses a desired 
impurity profile in the semiconductor substrate. 

By performing the plasma radiation while adjusting the 
plasma radiation condition to obtain the desired impurity 
profile, it is possible to realize- the desired impurity prof ile . 

Further, in the method of the present invention, the step 
of radiating the plasma may include a step of radiating plasma 
containing at least one kind of rare gas elements. 

Due to such a method, by radiating the plasma containing 
at least one kind of rare gas elements, the generation of an 
undesired . reaction can be prevented thus realizing the 
favorable imparting of energy to the impurity. 

Further, in the method of the present invention, the step 
of radiating the plasma may include a step of radiating He 
plasma . 

Due to such a method, since a mass of He is small, most 
of energy generated by collision can be imparted to the impurity 
and hence, it is possible to realize the efficient introduction 
of the impurity. 

Further, in the method of the present invention, the step 
of radiating the plasma may include a step of radiating plasma 
which contains hydrogen. 

Since the hydrogen can be easily taken out from the 
substrate due to external diffusion at annealing, according to 
this method, a hydrogen residual quantity in the base body after 
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annealing is small and hence, the influence of the plasiaa on 
the property of the base body, particularly on the semiconductor 
property is small and the use of the plasma which contains 
hydrogen is desirable. 

In the method of the present invention, the step of 
introducing the impurity may include a plasma doping step. 

According to this method, particles are introduced into 
the solid base body with extremely low energy and hence, a 
shallower impurity introducing layer can be efficiently formed. 
Accordingly, it is possible to form the shallower junction. 

In the method of the present invention, the step of 
introducing the impurity may include an ion implanting step. 

According to this method, it is possible to enhance the 
controllability and the in-plane uniformity. Further, the use 
of low-energy ion implantation is desirable. This is because 
that the low-energy ion implantation enables the shallow 
implantation and is suitable for formation of the shallow 
junction which is an object of the present invention. 

In the method of the present invention, the step of 
introducing the impurity may include a gas doping step. 

The gas doping is a method which uses the impurity not 
in an ionic state but in an electrically neutral gas state and 
introduces the impurity into the semiconductor substrate by 
making use of the absorption or infiltration of gas molecules 
into the semiconductor substrate; According to this method, 
particles are introduced into the solid base body with extremely 
low energy and hence, a shallower xmpurity introducing layer 
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can be efficiently formed. Accordingly, it is possible to form 
the shallower junction. 

Further, an impurity introducing apparatus of the present 

invention is characterized by including an impurity introducing 

6 means which introduces desired impurity into a surface of a 

solid base body, an adjusting means which radiates plasma to 

a surface of the solid base body and adjusts the concentration 

distribution of the impurity in the inside of the solid base 

body, and an annealing means which activates the introduced 
10 impurity, 

Further, the apparatus of the present invention includes 
a chamber, an impurity introducing means which introduces 
impurity into a surface of a solid base body which is arranged 
in the chamber, a plasma generating means which forms plasma 
on the surface of the solid base body, and an annealing means 
which anneals the solid base body in the inside of the chamber. 

According to this apparatus, it is possible to 
efficiently perform the introduction of the impurity, the 
adjustment of the concentration distribution of the impurity, 
and the electric activation of the impurity from a view point 
of enhancing operability. 

Further, the semiconductor device of the present 
invention is formed to have the impurity profile in which the 
impurity concentration at a position of a depth of 4nm in the 
semiconductor device is set to 1/10 or more of the impurity 
concentration on the surface of the semiconductor device. 

Still further, the semiconductor device of the present 
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invention is formed to have the impurity profile in which the 
impurity concentration at a position of a depth of 7nm in the 
semiconductor device is set to l/lOO or more of the impurity 
concentration on the surface of the semiconductor device. 

The impurity introducing apparatus of the present 
invention preferably an impurity introducing apparatus which 
excites a material which contains ojapurity and introduces the 
impurity into the inside of a solid base body from the excited 
material, wherein the impurity introducing apparatus includes 
a chamber which arranges the solid base body therein, a means 
which supplies a fixed quantity of the material into the inside 
of the chamber, a means which evacuates the inside of the chamber 
into vacuum, and a plasma generating means which forms the fixed 
quantity of material into plasma. Here, the means which 
supplies the fixed quantity of the material has a mechanism 
which measures and stores the material, wherein the mechanism 
controls a volume, a pressure and a temperature of a storing 
vessel so as to hold a fixed quantity of the material . Further, 
the storing vessel is configured to store a quantity of the 
material which corresponds to a quantity of the impurity 
introduced into the base body. 

Due to such a constitution, it is possible to perform the 
sheet processing for introducing the impurity into the base body 
which constitutes a semiconductor substrate or a liquid crystal 
display substrate having a large diameter within a short period . 
Accordingly, the mass production ability of the semiconductor 
devices or the liquid crystal display devices which are formed 
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using this apparatus is enhanced thus enabling the reduction 
of a manufacturing cost. Here, the material may be a gas, fine 
particles or fine liquid droplets. 

For example, the material may contain any one of B2H6, 
BF3, ASH3, PH3 as such a gas. Alternatively, the material may 
contain any one of B, As, P, sb. In and Al as fine particles 
or a solid body. Here, liquid droplets mean a substance 
obtained by dissolving or mixing these fine particles and gases . 
Further, the liquid droplets may be formed to cover surfaces 
of the fine particles and gases. 

Further, the timing for generating plasma maybe set such 
that a profile of the impurity concentration in the vicinity 
of the surface of the solid base body is simulated and the plasma 
is generated based on a result of the simulation. Further, in 
place of the simulation of the profile of the impurity 
concentration, at least one selected from a group consisting 
of a flow, speed, the number of gas molecules, a pressure of a 
gas, fine particles or fine liquid droplets is measured, and 
plasma may be generated in a state that the standard deviation 
of measured values reaches 2% or less. 

Due to such a constitution, it is possible to adjust the 
profile of the impurity concentration easily and with favorable 
controllability. 

Here, the present invention is capable of controlling the 
profile with high accuracy in introducing the impurity, and 
includes a point that the plasma is excited after the material 
is brought into an equilibrium on the surface of the solid base 
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body, a point that the material on the surface of the solid fease 
body is adjusted, a point that the material on the surface of 
the solid base body is adjusted such that the plasma is 
distributed in the desired distribution on the surface of the 
5 solid base body or the combination of these points. With such 
methods, plasma doping with the desired prof ile can be realized. 
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<EFFECT OF THE INVENT I 0N> 

According to the impurity introducing method of the 
present invention, by performing the plasma processing using 
inactive plasma such as He plasma after introducing the impurity 
into the surface of the substrate, it is possible to form the 
impurity region which has an approximately box-shaped profile. 

15 <BRIEF EXPLANATION OF DRAWINGS> 

Fig. 1 is a schematic cross-sectional view of an impurity 
introducing apparatus used in an embodiment of the present 
invention. 
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Fig. 2 is a cross-sectional view of steps showing an 
impurity introducing method of the first embodiment of the 
present invention. 



Fig. 3 is a view showing SIMs data showing impurity 
profiles of an impurity region which is obtained by the 

embodiment of the present invention and a comparison example 
25 1. 

Fig. 4 is a view showing SIMS data showing impurity 
profiles of an impurity region which is obtained by the 
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embodiment of the present invention and a comparison example 
2. In the drawings, 1: high-frequency power source, 2 : matching 
box, 3: coil, 4, 5: mass flow controller, 6: turbo molecular 
pump, 7: conductance valve, 8: dry pump, 9: circulator, 10: DC 
power source, 11: matching box, 12: high-frequency power source, 
13: substrate to be treated, 13n: n-type silicon substrate, 13p: 
p-type impurity region, M: mask, 14: lower electrode, 15: vacuum 
chamber, 100: apparatus 



<BEST MODE FOR CARRYING OUT THE INVENTION> 
(First Embodiment) 

Hereinafter, the first embodiment of the present 
invention is explained in conjunction with Fig. l and Fig. 2. 
An impurity introducing apparatus of this embodiment is 
characterized in that an impurity introducing profile can be 
adjusted by adjusting the distribution of a material in the 
vicinity of a surface of a base body. Fig. 1 is a 
cross-sectional view which shows the impurity introducing 
apparatus of the present invention schematically. 

The impurity introducing apparatus 100 is, as shown in 
Fig. 1, constituted such that plasma doping, plasma radiation 
and annealing are sequentially performed in the inside of the 
apparatus. That is, in the apparatus, a semiconductor 
substrate which constitutes a substrate to be treated 13 is 
mounted on a susceptor which also functions as a lower electr-ode 
14 mounted in the inside of a vacuum chamber IS and a plasma 
generating region is formed in the vicinity of the surface of 
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the substrate whereby the apparatus realizes plasma doping and 
plasma radiation, a coil 3 is mounted from a high-frequency 
power source 1 by way of a matching box 2 and a high-frequency 
power is supplied between the coil 3 and the lower electrode 
14. Further, the lower electrode 14 is connected to a DC power 
source 10 and is also connected to the high-frequency power 
source 12 by way of the matching box 11. 

Further, the degree of vacuum of the vacuum chamber 15 
is adjusted by a turbo molecular pump 6 and a dry pump 8 which 
are connected to the vacuum chamber 15 by way of a conductance 
valve 7. Further, the lower electrode 14 is rotatably formed 
using a circulator 9. Further, in this chamber, an inert gas 
mass flow controller 4 for supplying an inert gas such as a He- 
gas to the inside of the chamber is formed and, at a position 
in the chamber opposite to the inert gas mass flow controller 
4, an impurity gas mass flow controller 5 for introducing a 
diborane gas is formed. 

A main part of the impurity introducing apparatus is 
constituted in the above-mentioned manner. To form the sheet 
type apparatus which enables a rapid treatment, it is important 
to constitute the apparatus such that a volxime of the whole 
apparatus, particularly a volume of the vacuum chamber 15 is 
set to a necessity minimum. Here, the plasma generating region 
is preferably formed using a helicon wave plasma source, ECR 
(Electron Cyclotron Resonance) plasma source or the like. With 
the use of such a plasma source, materials which contain 
impurity to be introduced into the substrate to be treated 13 
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or B gas for plasma radiation, that is, here, BzHe and He gases 
are respectively excited in plasma in respective steps. 

In supply systems of gas materials which contain the 
above-mentioned impurities, fixed quantities of the materials 
are supplied to the vacuum chamber 15 by way of the mass flow 
controllers 4, 5. The supplying quantities of the gas materials 
are determined based on the mass flow controllers 4, 5 and a 
volume, a temperature and a degree of vacuum of the vacuum 
chamber 15 and are respectively monitored by thermometers and 
pressure gauges. Although not shown in the drawing, the gas 
temperatures and gas pressures are stably controlled by 
temperature control parts and pressure control parts thereof. 

Here, although the supply of the gasses is performed by 
way of the mass flow controllers 4, 5, the supply of the gasses 
can be strictly defined by a pressure control. Here, the gas 
indicates, a BsHe gas, a BF3 gas, an AsHg gas, a PH3 gas, or a 
gas formed by diluting these gasses with an inert gas. 

The impurity introducing apparatus of the present 
invention is an apparatus which excites a material containing 
impurity in plasma and dopes the impurity into the substrate. 
However, different from dry etching such as an RIE (Reactive 
Ion Etching) or CVD (Chemical Vapor Deposition) which 
continuously supplies a reaction gas to a reaction chamber thus 
generating plasma, the impurity introducing apparatus of the 
present invention can form a fixed quantity of gas corresponding 
to an introducing quantity (dose quantity) of the impurity to 
the substrate in plasma with high accuracy. This constitution 



15 



5 



10 



15 



20 



25 



enables the extremely shallow impurity introduction and the 
control of the introduction depth of the impurity with high 
accuracy . 

Further, this impurxty introducing apparatus of the 
present invention enables the impurity introduction which forms 
the extremely shallow junction to the semiconductor substrate 
(solid base body) in a rapid treatment with high accuracy and 
high concentration and the sheet treatment can be performed in 
a short period. Accordingly, it is possible to form a highly 
reliable semiconductor device having high accuracy with 
favorable . productivity. Further, when the impurity 

introducing apparatuses applied to a liquid crystal display 
substrate, minute impurity regions are formed in a silicon thin 
film which is formed on the glass substrate which mounts liquid 
crystal thereon and TFTs are arranged on the minute impurity 
regions and hence, it is possible to form a minute active-matrix 
type liquid crystal display device and, at the same time, it 
is possible to enhance the mass productivity and to realize the 
reduction of a manufacturing cost. 

In the impurity introducing apparatus shown in Fig. i, 
a DC power source 10 or a high-frequency power source 12 may 
be mounted on a susceptor which also functions as a lower 
electrode 14 as a susceptor. Here, a frequency of the 
high-frequency power source is lOOkHz to lOMHz . By using these 
power sources, a DC potential within a range of several eV to 
IkeV is generated between the generated plasma and the substrate' 
13 to be treated. Further, by applying a rotation of 
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approximately lOrpm, for example, to the substrate 14 to be 
treated in a horizontal plane by using the circulator 9 which 
rotates the lower electrode which constitutes the susceptor, 
the uniformity of in-plane impurity dose quantity of the 
substrate 13 to be treated is further enhanced. 

Further, as the material which contains iraourities 
supplied by way of impurity gas mass flow controllers, besides 
the material which assumes a gaseous form at a normal 
temperature and under a normal pressure as mentioned above, a 
solid body such as fine particles of B, As, P, Sb, In, Al , si 
or a liquid which contains the above-mentioned impurities or 
solid fine particles which are coated with a liquid may be used , 
Here, although, in this case, the supply system shown in Fig. 
1 may slightly differ from the supply system for the material 
in a gaseous form, what is necessary is that a fixed quantity 
of material which contains the impurities can be supplied. 

Next, the impurity introducing method of the present 
invention is explained in conjunction with Fig. i and Fig. 2. 
Fig. 2 is a cross-sectional view schematically showing impurity 
introducing steps of the embodiment of the present invention. 

First of all, as shown in Fig. 2(a), a mask M is formed 
on a surface of n-type silicon substrate 13n having the 
resistivity of lO^cm and a diameter of 300mm(i) using 
photolithography. The substrate 13 to be treated formed of the 
n-type silicon substrate 13n on which the mask M is formed in 
this manner is placed on and fixed to the lower electrode 14 
which constitutes the susceptor by electrostatic attraction. 



17 



5 



10 



15 



20 



25 



Here, the turbo molecular pump 6 and the dry pump 8 are operated 
so as to set a degree of vacuum in the inside of the vacuum chatnber 
15 to approximately 10~^Pa. 

After establishing such a state in the vacuum chamJoer, 
a fixed quantity of diborane BaHg having a concentration of 5% 
which is diluted with He is supplied into the inside of vacuum 
chamber 15 by way of the mass flow controller 5 and, at the same 
time, a diborane BsHg gas which is filled in the inside of the 
vacuum chamber 15 is excited in plasma by the DC power source 
10 and the high-frequency power source 1, 12 and plasma doping 
is supplied to the surface of the substrate to be treated. Here, 
the plasma doping is continued for 7 seconds at a gas pressure 
of 2.5Pa in the inside of the vacuum chamber and with a bias 
voltage of 60V, 

Subsequently, a 100% He gas is exposed to plasma for 60 
seconds with a bias voltage of 75V by way of the mass flow 
controller 4 thus performing He plasma post-processing. Here, 
the pressure in the inside of the vacuum chamber is adjusted 
to 0.9Pa. Here, a cooling mechanism is provided to the lower 
electrode 14 for preventing the elevation of base-body 
temperature. Accordingly, an upper limit of the surface 
temperature of the surface to be • treated is set to 200°c and 
the further elevation of the surface temperature is inhibited. 

Due to the above-mentioned steps, as shown in Fig. 2 (b) , 
a p-type impurity region 13P having a depth of approximately 
7nm is formed in regions which are exposed from the mask M. 

The impurity profile is measured using an SIMS in this 
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state. The result is indicated by a curve -a" in Fig. 3. For 
a comparison purpose, as a comparison example 1, an impurity 
profile before He plasma post-processing, that is, after plasma 
doping processing is indicated by a curve ^^b". In Fig. 3, boron 
concentration (cm"^) is taken on an axis of ordinates and a depth 
(nm) is taken on an axis of abscissas. From the comparison of 
these examples, it is understood that, by performing He plasma 
post-processing, the impurity concentration profile further 
approximates a box shape. 

From this drawing, it is understood that the impurity 
profile Of the impurity region 13P which is formed by the method 
of the present invention exhibits the impurity concentration 
at a depth position of 4nm which is 1/10 or more of the impu:city 
concentration on a surface and exhibits the impurity 
concentration at a depth position of 7nm which is 1/100 or more 
of the impurity concentration on the surface . On the other hand, 
the impurity profile after plasma doping is sharply lowered from 
the surface . 

Although this mechanism is not certain, it is considered 
that according to the present invention, atom B is moved to a 
deep region due to a knocking-on effect of He ion. That is 
it is considered that by knocking the impurity with the plasma 
of low energy (low energy He plasma), the impurity (B) which 
is present on an ultra surface is knocked on. Then, it is 
considered that the atom B which is introduced to a certain depth 
(lOnm) is no more knocked with the He plasma and hence, the 
impurity which is present on the ultra surface moves to a deeo 
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position. The impurity which moves to a certain depth no more 
moves to deeper position and hence, such a profile as indicated 
by the curve -a" in Fig. 3 can be obtained. Here, basically, 
knocking-on, that is, striking is used for imparting dynamic 
energy in the depth direction. The boron element selectively 
moves in the vertical direction, and the diffusion in the 
lateral direction is hardly generated although the diffusion 
is slightly generated due to the collision with a Si element 
thus enabling the formation of a minute and shallow impurity 
region with high accuracy. The measurement device which is used 
here can measure only within a range of approximately 4 digits 
and a region where a large number of points are dotted is an 
unmeasurable region. 

For a comparison purpose, as a comparison example 2, 
Ge-PAI, that is, pre-processing by germanium ion implantation 
which is recently supposed to be extremely effective is 
performed to form impurity regions. The impurity regions can 
be obtained such that the surface of the substrate to be treated 
is preliminarily formed into an amorphous state by implanting 
germanium ion, and, thereafter, BF2 ion is implanted. Ge-PAI 
is a technique which is considered to be capable of performing 
an impurity profile control with the highest accuracy under the 
present situation. The result is indicated by the curve "b" 
in Fig. 4. The impurity concentration profile of the 
above-mentioned embodiment of the present invention is 
indicated by the curve ^^a". From comparison of these examples, 
it is understood that the impurity regions obtained by the 
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method of the present invention form the impurity profile having 
a shape which further approximates a box shape. 

Thereafter, although not shown in Fig. i, rta (rapid 
thermal treatment) or flash lamp annealing is applied to the 
substrate 13 to be treated in the inside of another chamber in 
the multi-chamber constitution. In this manner, in the 
impurity introducing method according to the present invention, 
it is possible to form the uniform and shallow impurity regions 
in the vicinity of the surface of the substrate 13 to be treated. 
Here, as an annealing treatment, a spike RTA, a flash larap 
annealing (FLA), laser annealing or the like can be adopted. 
When a spike RTA at 1000°C is used, it is preferable to set a 
temperature increasing rate to approximately 200°C/sec arid a 
temperature decreasing rate to approximately 6 0°C/sec. 
Further, when the flash lamp annealing (FLA) is used, an 
annealing temperature and an annealing time may be set to 1100 
to ISOC^C and 1msec, when the laser annealing is used, annealing 
energy and an annealing time may be set to ISOOmJ/cm^, lOOnsec 
as a whole solid laser. 

In this manner, by the He plasma post-processing 
according to the present invention, it is possible to make the 
shallow junction profile by plasma doping to approximate a box 
shape due to the post-processing of He plasma. 

Here, due to the plasma radiation to the above-mentioned 
substrate 13 to be treated, the material which contains the 
impurity to be introduced is introduced into the surface of the 
substrate 13 to be treated or in the inside thereof either in 



21 



10 



an attraction mode or in a low energy (several eV to IkeV) ion 
implantation mode. Here, in the attraction mode, to the surface 
of the substrate 5 to be treated, the material is physically 
attracted and, at the same time, active species such as neutral 
6 radicals of the above-mentioned material generated by the 
above-mentioned plasma excitation are chemically absorbed. 

On the other hand, as a modification of the impurity 
introducing method, an ion implantation method or a gas doping 
method may be used in place of plasma doping. 

Here, the plasma which is used in this embodiment may be 
suitably selected from helicon wave plasma, ECR plasma, 
parallel plasma and the like. 
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(Second embodiment) 

In the above-mentioned embodiment, the semiconductor 
substrate which forms a semiconductor device is explained as 
the substrate to be treated. However, the present invention 
is applicable, in the exactly same manner, to a case when the 
substrate to be treated is a glass substrate which forms a liquid 
crystal display device and constitutes a matrix substrate. 

Further, the present invention is not limited to the 
above-mentioned embodiments and the embodiments can be suitably 
modified within a range of technical concept of the present 
invention. 

Here, in the above-mentioned embodiment, the method for 
introducing impurities under the reduced pressure is explained. 
However, the impurities may be introduced under a normal 
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pressure . 

< INDUSTRIAL APPLICABILITY> 

As has been explained heretofore, the present invention 
can obtain the impurity profile having the approximately box 
shape by knocking on the impurities at the shallow position 
using gas plasma such as He after introducing the impurities 
and hence, the present invention is applicable to the formation 
of impurity region which can cope with the miniaturization, the 
high integration such as the formation of a DRAM on a SOI (silicon 
on insulator) substrate on which a silicon thin film is formed 
on the substrate surface by way of an insulation film, the 
formation of a liquid crystal panel in which liquid crystal 
driving circuits containing thin film transistors (TFT) or the 
like are integrated. 
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